INTRODUCTION
South Africa continues to be plagued with a high prevalence of HIV infection, which has a profound effect on the workforce and human and financial resources (1) . The seriousness of the HIV pandemic for South Africa is highlighted by the Joint United Nations Programme on HIV/AIDS 2008 report on the global AIDS epidemic. The report states that in 2007, the number of people living with HIV had risen to 33.2 million in comparison with 29 million in 2001. Sub-Saharan Africa remains the worstaffected region with a total of 22.5 million people infected, contributing to more than two-thirds (68%) of the world's HIVinfected population. In this report, South Africa is indicated as the country with the highest HIV infection count worldwide at an estimated 6 million people. According to the Centre of Actuarial Research, in mid-2006, an estimated 12.7% of the total North West Province population of South Africa was living with HIV (2) .
The optimization of nutritional status is a key objective in the care, management, and treatment of persons infected with the virus and suffering from AIDS (3). Very little research has been done on the role of dietary fat and fatty acids in HIV-infected people. Oosthuizen et al (4) reported that omega-6 (n-6) polyunsaturated fatty acid (PUFA) intake was adversely related to liver function in HIV-infected subjects, when compared with HIV-uninfected subjects, in a cross-sectional epidemiologic study of the black population in the North West Province of South Africa in 1996 and 1998. The authors speculated that PUFA intake may promote liver damage in subjects with HIV because of their susceptibility to attack by free radicals, and PUFA intake consequently contributes to inflammation and oxidative stress in HIV-infected subjects who are already vulnerable to these conditions. They further speculated that the use of heavily oxidized vegetable fats (abused fats) could partly be responsible for these adverse effects (4) . It has been reported that large amounts of heavily oxidized vegetable fats (abused fats), rich in omega-6 PUFAs, have been distributed for many years by frying establishments as waste to the poor black communities across South Africa for use in food preparation (5) . Unfortunately, Oosthuizen et al (4) did not investigate whether subjects in their study population actually consumed abused fats. South Africa has traditionally high intakes of omega-6 PUFA-rich vegetable oils, and it is therefore important that these findings are confirmed and that the reasons or mechanisms responsible are investigated to make recommendations for dietary intakes.
The aim of this study was to investigate the relation between plasma PUFA concentrations (as a marker of PUFA intake) and serum liver enzymes in HIV-infected compared with HIVuninfected black South Africans and to investigate the reuse or the use of abused oils in this population.
SUBJECTS AND METHODS

Study design
This was a case-control study nested in an epidemiologic study in HIV-infected cases and HIV-uninfected matched controls, as part of the PURE (Prospective Urban and Rural Epidemiology) Study. The PURE Study is a prospective cohort study that includes a representative sample of 2000 apparently healthy black volunteers, aged between 36 and 60 y, who were recruited from 2 urban and 2 rural areas in the North West Province of South Africa.
The study was approved by the ethics committee of the NorthWest University, Potchefstroom, South Africa (approval no. 04M10). All subjects were fully informed about the objectives and procedures of the study in their own language, and all signed an informed consent form. Pre-and post-HIV testing counseling to all participants was conducted by 2 researchers trained to give HIV counseling. Precounseling was conducted in groups of 10 people, and postcounseling sessions were conducted on an individual basis.
Subjects
Subjects were recruited during 2005 from 4 different locations in the North West Province of South Africa: 2 urban locations (Ikageng and Ikageng informal settlements) and 2 rural locations (Ganyesa and Tlakgameng). Urban indicates people living in established townships, and rural indicates people still living under tribal law (6) .
A family census questionnaire of 6000 households in total was administered in the 4 communities by going door to door and filling out the questionnaires. Of these 6000 households, 2000 volunteers (who fitted the inclusion criteria) were asked to take part in the study. Inclusion criteria were as follows: age between 35 and 60 y, not using any medication for chronic disease, no known conditions or diseases, and no plans of moving from the area in the foreseeable future.
Of the 2000 volunteers, 305 were newly identified as being infected with the HIV virus and 305 matched control subjects who were not infected were identified. The cases and controls were matched according to location, sex, and age (61 y). Blood samples were available for 301 control subjects.
Measurements and biochemical analyses
The following relevant information, which has been obtained as part of the core PURE Study, were used for this particular investigation: standardized, interviewer-based questionnaires were administered by trained fieldworkers in the language of the subject's choice to collect demographic information. Dietary information was obtained by using a quantitative food-frequency questionnaire, which was designed and validated for this population (7) . Nutrient analysis was performed by the Medical Research Council of South Africa (Tygerberg, South Africa) based on the South African food-composition tables (8) . A questionnaire was designed, tested for comprehensibility in this population, and used to investigate the reuse of oil and the use of abused oils. These questionnaires were administered by trained fieldworkers. Height and weight were measured by trained postgraduate students in human movement science, and body mass index (BMI) was calculated.
Registered nurses collected venous blood samples. The subjects were asked to fast overnight (8 h with no food or beverage, excluding water). For the determination of plasma fatty acids, blood was collected in 5-mL tubes containing EDTA. For liver enzymes, protein, albumin, and high-sensitivity C-reactive protein (hs-CRP) measurements, blood was left to clot. Plasma and serum, respectively, were prepared by centrifugation of the blood for 15 min at 2000 g at 4°C. Aliquots of the plasma and serum were then frozen on dry ice, stored in the field at 218°C, and stored after 2-4 d in the laboratory at 282°C until analysis. HIV status was determined on the day of the data collection by a rapid test for HIV according to the protocol of the National Department of Health of South Africa. Whole blood was used for the determination of HIV status, which was determined by using the First Response rapid HIV card test (PMC Medical, Nani Doman, India). If the blood tested positive, the test was repeated with the Pareeshak (BHAT Bio-tech, Bangalore, India) card test to confirm the results. Quantitative determination of liver enzymes [c-glutamyl transpeptidase (GGT), alanine aminotransferase (ALT), aspartate aminotranferase (AST), and alkaline phosphatase (ALP)], total protein, albumin, and hs-CRP concentrations in the serum of participants was performed with the Konelab 20i auto analyzer (Thermo Fisher Scientific Oy, Vantaa, Finland), a clinical chemistry analyzer for colorimetric, immunoturbidimetric, and ion-selective electrode measurements.
Plasma fatty acids were analyzed by using the gas chromatography-mass spectrometry (GC-MS). Briefly, heptadecanoic acid (72 mmol/L) as an internal standard was added to 50 lL plasma followed by 100 lL of a 45-mmol/L solution of butylated hydroxytoluene and 2 mL methanolic hydrochloric acid (3 mol/L). The samples were then vortexed and incubated for 4 h at 90°C. After cooling to room temperature, the fatty acid methyl esters were extracted twice with 2 mL hexane, dried under a nitrogen stream, and finally resuspended with 100 lL hexane, of which 5 lL was injected onto the GC-MS via splitless injection. An Agilent 6890 GC ported to a 5973 Mass Selective detector (Agilent, Ontario, CA) was used for identification and quantification of individual fatty acids. For the acquisition of an electron ionization mass spectrum, an ion source temperature of 200°C and electron energy of 70 eV was used. The gas chromatograph was equipped with a SE-30 capillary column (Chemetrix, Midrand, South Africa), a split/splitless injection piece (250°C), and a direct GC-MS coupling (260°C). Helium (1 mL/min) was used as the carrier gas. An initial oven temperature of 50°C was maintained for 1.5 min and then allowed to increase to 190°C at a rate of 30°C/min. The oven temperature was maintained at 190°C for 5 min and then allowed to increase to 220°C at a rate of 8°C/min. The oven temperature was again maintained for 2 min and finally increased to 230°C at a rate of 3°C/min and maintained for 24 min at this temperature. The plasma fatty acids are expressed as weight percentage of total fatty acids.
Statistical analysis
The data were analyzed by using SPSS, version 15 (SPSS Inc, Chicago, IL). Variables that were not normally distributed are expressed as medians and 25th-75th percentiles; normally distributed variables are expressed as means and 95% CIs; and categorical data are expressed as frequencies or percentages. Differences between HIV-infected and HIV-uninfected subjects were tested by using the Mann-Whitney U test for nonparametric data, the independent t test for parametric data, and the chisquare test for categorical variables. For variables that showed statistically significant differences between groups, effect size was calculated to provide an objective measure of the importance of the effect by using the following formulas: for the Mann-Whitney U test, effect size = Z/On; for the independent t test, Ot 2 /(t 2 + df). An effect size value of 0.10 indicated a small effect, a value of 0.3 indicated a medium effect, and a value of 0.5 indicated a large effect (9). Pearson's correlation coefficients were calculated to assess the relations between plasma and dietary PUFA and serum liver enzyme concentrations, stratified for HIV status. These relations were also assessed after confounding factors (sex, alcohol use, and rural/urban location) were controlled for by using partial correlations. For this analysis, variables that were not normally distributed were normalized by logarithmic transformations (liver enzymes, hs-CRP, plasma total omega-6 PUFAs, BMI). Multiple regression analyses with the backward stepwise variable selection method were used to identify important predictors of serum liver enzyme concentrations and with the following predictor variables in the model: plasma total omega-6 PUFAs, sex, age, alcohol intake, HIV status, rural/urban location, BMI, and serum hs-CRP. All assumptions for multiple regression analyses were met, namely residuals were normally distributed and independent, variance was constant, and the assumptions for multicollinearity were met.
RESULTS
HIV-infected and HIV-uninfected subjects did not differ with regard to location (urban or rural), sex, or age, as was expected because the 2 groups were matched according to these variables ( Table 1 ). In addition, there were no differences between these groups with regard to other characteristics, including education, use of tobacco products, and serum hs-CRP concentrations. Total serum protein was significantly higher, and serum albumin and BMI were significantly lower, in HIV-infected compared with HIV-uninfected subjects, but the effect sizes of these differences were small to medium, which indicated that the differences were not meaningful.
Alcohol intake, as reported by the subjects, was low, with .50% of subjects reporting that they did not consume any alcohol. Alcohol consumption did not differ between HIVinfected and HIV-uninfected subjects. Both groups followed a low-fat diet, with total fat providing ,30% of total energy intake. PUFAs represented the predominant fat consumed, but intakes were relatively low and provided ,10% energy. PUFA intake was mainly from linoleic acid (18:2n26) ( Table  2 ). Omega-6-rich vegetable oils, including sunflower oil and blends of sunflower oil with other vegetable oils, were the main types of oils used by the subjects. The intake of omega-3-rich food sources were very low, as previously shown by Oosthuizen et al (4) . Abused oils were not used by this population. Almost all the subjects (99%) reported that they do not buy previously used oil. Most subjects (95%) used oil for deep frying on average 2 times/wk. Those that used oil for deep frying discarded the oil after it had been used twice (mean 6 SD: 2.23 6 0.85). Plasma monounsaturated fatty acid (MUFA) and PUFA concentrations were significantly lower in HIV-infected subjects than in HIV-uninfected subjects, but these differences had a small effect size ( Table 3) .
Serum liver enzyme concentrations did not differ between HIV-infected and HIV-uninfected subjects, except for serum AST concentrations, which were significantly higher in HIV-infected subjects; however, this difference had a small effect size (Table 3) .
Plasma total omega-6 PUFA concentrations were significantly negatively associated with liver enzymes (GGT, ALT, AST, and ALP) in both HIV-infected and HIV-uninfected subjects ( Table  4) . The same significant relations were seen when controlling for confounding factors (sex, alcohol intake, and rural/urban location). The same trends were seen when dietary intake of omega-6 PUFAs was correlated with serum liver enzymes, although the relations were much weaker. In the HIV-uninfected subjects, r values ranged from 20.10 to 20.19 (P , 0.05), and in the HIV-infected subjects only serum ALP was significantly correlated with PUFA intake (r = 20.16, P = 0.01). Plasma omega-6 PUFAs showed a weak relation with serum hs-CRP in HIVinfected subjects but not in HIV-infected subjects (Table 4) . Dietary intake of omega-6 PUFAs (% energy) was only weakly associated with plasma concentrations of omega-6 PUFAs (r = 0.16, P , 0.01).
Significant predictors of serum GGT included plasma total omega-6 PUFAs, alcohol intake, sex, and hs-CRP, which explained 33% of the variance in serum GGT ( Table 5) . Predictors for serum ALP included hs-CRP, total plasma omega-6 PUFAs, BMI, and rural/urban location, which explained 16% of the variance in serum ALP. Predictors of ALT included total plasma omega-6 PUFAs and sex, which explained 10% of the variance in serum ALT. Predictors of AST included total plasma omega-6 PUFAs, alcohol intake, and rural/urban location, which explained 9% of the variance in AST. In all of the models, plasma omega-6 PUFA concentration was the most important predictor as indicated by the standardized b value, except for ALP, for which hs-CRP was the most important predictor and plasma omega-6 PUFAs the second most important predictor. HIV status and age were not important predictors of serum liver enzyme concentrations. 1 SFAs, saturated fatty acids; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; GGT, c-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotranferase; ALP, alkaline phosphatase; ES, effect size. Differences between groups were determined by Mann-Whitney U test for nonparametric data and independent t test for parametric data. ES indicates that the effect was small. 2 Values are means; 95% CIs in parentheses. 3 Values are medians; 25th, 75th percentiles in parentheses.
DISCUSSION
The main finding of this study was that the adverse relation between omega-6 PUFA intake and liver enzymes as previously shown by Oosthuizen et al (4) could not be confirmed. In contrast, plasma total omega-6 PUFA concentration was inversely related to liver enzymes in both HIV-infected and HIV-uninfected subjects. Similar to the study by Oosthuizen et al (4), the HIVinfected subjects in this study were newly diagnosed with HIV, asymptomatic, and at an early state of infection as indicated by the absence of meaningful differences between HIV-infected and HIV-uninfected subjects in BMI, total serum protein, albumin, hs-CRP, and liver enzyme concentrations. The current study used plasma PUFAs, a short-term marker of PUFA intake. The use of biomarkers of dietary fatty acid intakes has advantages over the use of self-reported dietary assessment methods. Biomarkers are objective; do not rely on the subject's ability to recall intake, especially portion size; and are not affected by errors related to nutrient databases (10) . Biomarkers of PUFA intake have been shown to be more closely associated with dietary reports than saturated fatty acids and MUFAs because PUFAs are not biosynthesized by the body, and blood concentrations are therefore expected to closely reflect intakes (11, 12) . The weak correlation shown in this study between plasma and dietary omega-6 PUFA concentrations (r = 0.16) is in accordance with previous reports (10, 13) and further strengthens the argument that the use of a biomarker may be superior to using self-reported dietary assessment methods. Plasma concentrations of linoleic acid (18:2n26) have been shown to be significantly lower in AIDS patients than in healthy control subjects (14) . Constans et al (15) showed decreased concentrations of red blood cell PUFAs, resulting from increased lipid peroxidation in HIV-infected patients compared with healthy control subjects. HIV infection is accompanied by persistent chronic inflammation, oxidative stress (16, 17) , and a weakened antioxidative defense system (16) . In the current study, plasma omega-6 PUFA concentrations were lower in HIV-infected subjects compared with the control group, but this difference was very small and not meaningful. This may be explained by the fact that the HIV-infected subjects were at the early stage of the disease, and they were not in an inflammatory state as indicated by their low mean serum hs-CRP concentration, a marker of inflammation (18) . Woods et al (19) also did not show a significant difference in total phospholipid omega-6 concentrations between HIV patients with elevated serum triglycerides and/or insulin resistance and non- 1 GGT, c-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotranferase; ALP, alkaline phosphatase; hs-CRP, high-sensitivity C-reactive protein; PUFAs, polyunsaturated fatty acids. Multiple regression analysis included the following predictor variables in the models: plasma total omega-6 PUFAs (log values), sex, age, alcohol intake, HIV status, log BMI, hs-CRP (log values), and rural/urban location. (5) hypothesized that heavily oxidized vegetable fats rich in omega-6 PUFAs, which have for many years been distributed by frying establishments as waste to the poor black communities across South Africa for use in food preparation, may adversely affect HIV-infected subjects in the black South African population and may lead to oxidative stress and the progression of HIV-AIDS (5). The consumption of oxidized fats has been shown in animal studies to cause oxidative stress and a variety of adverse biological effects including elevation of liver enzyme concentrations (ALP, AST, and ALT) (20) . However, subjects in the current study reported that they did not buy oil that had been used before. In addition, the frequency of reuse of oils for deep frying appeared to be acceptable because those that used oil for deep frying discarded the oil after it had been used twice. This could partly explain why we could not confirm the adverse relation between omega-6 PUFAs and serum liver enzymes that was previously reported.
According to the multiple linear regression models, plasma omega-6 PUFA concentration was more important in predicting serum liver enzymes than were other variables known to affect serum liver enzymes (eg, alcohol intake). Increasing concentrations of plasma omega-6 PUFAs were associated with lower concentrations of liver enzymes. Serum GGT has been widely used as an index of liver dysfunction and a marker of alcohol intake, but recently serum GGT within its normal range has been shown to be an independent marker of oxidative stress and inflammation and has been strongly associated with increased risk of fatal coronary heart disease, cardiovascular mortality, stroke, hypertension, type 2 diabetes, and the development of metabolic syndrome (21) (22) (23) (24) (25) (26) . Serum ALT has also been proposed as an independent marker of systemic inflammation and increased oxidative stress and a strong predictor of diabetes and metabolic syndrome (21, 25, 27) . The inverse relation seen in this study may be indicative of a protective role of omega-6 PUFAs on disease conditions associated with oxidative stress in both HIV-infected and HIV-uninfected subjects. HIV-infected patients are at an increased risk of developing metabolic syndrome and coronary heart disease, especially patients who are receiving antiretroviral therapy (28) . The role of omega-6 PUFA intake in metabolic disease conditions associated with HIV infection needs to be further investigated.
Das (29) also proposed that essential fatty acids and their metabolites could be useful in the prevention and management of AIDS: for example, linoleic acid and arachidonic acid may inactivate enveloped viruses (29) . Very little has been done in this regard, and further studies are needed.
This study showed that total plasma omega-6 PUFAs were not adversely related to liver function in HIV-infected subjects at early stages of HIV infection. Until research shows otherwise, the use of omega-6 PUFA-rich vegetable oils by HIV-infected subjects in the quantities and in the way that they are currently being used causes no safety concerns.
